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(57) Abstract 

A method and apparatus for the electrolytic treatment of aqueous salt 
solutions, the apparatus comprising a diaphragm midstream electrolytic cell 
having coaxial tubular outer and inner electrodes (1, 2) separated by a 
semi-permeable diaphragm (4) so as to define an outer, working chamber (5) 
and an inner, auxiliary chamber (6). The inner electrode (2) is provided with 
apertures (10, 1 1 ) at either end allowing communication between the auxiliary 
chamber (6) and the interior (3) of the inner electrode (2). A working aqueous 
salt solution is passed upwards through the working chamber (5), while the 
auxiliary chamber (6) and the interior (3) of the inner electrode (2) is filled 
with an auxiliary aqueous salt solution. In use, a current is applied between 
the electrodes (1, 2), and gas bubbles formed in the auxiliary chamber (6) 
rise upwards and cause the auxiliary solution to circulate around the auxiliary 
chamber (6) and the interior (3) of the inner electrode (2) by way of the 
apertu res (10, I 1). 
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^gOD^APPARA TUS FOR THE ELECTROC||EMICAL THEA^gNT 
OF WATER ANT> AOITKOTT.g SALT SOLUTIONS 

The present invention relates to the 
electrochemical treatment of water and aqueous 
solutions of salt with the aim of altering the 
oxidising and reducing properties of the water or the 
aqueous solutions of salt. Such electrochemical 
treatment may take the form of anodic treatment for 
obtaining disinfectant solutions, cathodic water- 
softening treatment, or other treatments. 

It is known from EP 0 3 94 23 2 to provide an 
electrolytic cell in which a tubular cathode is 
positioned within a tubular anode. An additional 
anode, in the form of a rod, is positioned within the 
tubular cathode. The anodes and the cathode are 
divided from each other by dielectric spiral elements 
The apparatus is relatively compact, since the water is 
effectively subjected to electrolytic treatment in two 
electrolysis cells, one located inside the other. 

It is known from GB 2 253 860, the disclosure of 
which 1S incorporated into the present application by 
rererence, to treat water by passing this through an 
electrolytic cell having anode and cathode flow 
chambers separated by a semi -permeable membrane, one of 
the chambers being a working chamber through which 
water to be treated passes in an upward direction, and 
the other being an auxiliary chamber, which is in 
closed communication with a gas-separating chamber 
located at a higher level than the electrolytic cell 
The electrolytic cell comprises a tubular outer 
electrode and a rod- shaped inner electrode, the two 
electrodes being concentric and separated by the semi- 
permeable membrane so as to define the working and 
auxiliary chambers. Notwithstanding the semi -permeable 
membrane, the working and auxiliary chambers are 
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hermetically isolated from each other by way of elastic 
separator collars and each have entry apertures in the 
lower part and exit apertures in the higher part. 
Water having a higher mineral content than the water to 
be treated passes upwardly through the auxiliary 
chamber to the gas- separating chamber and recirculates 
to the auxiliary chamber by convection and by the 
shearing forces applied to the water through the rise 
of bubbles of gas which are generated on the electrode 
in the auxiliary chamber. In this way, the auxiliary 
solution circulates around a closed contour. The water 
pressure in the working chamber is higher than that in 
the auxiliary chamber, and gaseous electrolysis 
products are vented from the gas-separating chamber by 
way of a gas-relief valve. Some of the working 
solution will tend to pass from the working chamber to 
the auxiliary chamber across the semi -permeable 
membrane by virtue of the pressure gradient between the 
working and auxiliary chambers. Surplus auxiliary 
solution may be removed by way of the gas-relief valve 
or from the gas - separating chamber. 

This method allows the pH value of the water being 
treated to be reduced from 7 to around 2 when the anode 
chamber is used as the working chamber. If instead the 
cathode chamber is used as the working chamber, the pH 
value of the water to be treated can be increased to 
around 12. This known method of electrolytic treatment 
is applied only to water having a relatively low 
concentration of dissolved salts and minerals (less 
than lOgdm" 3 ) , and the electricity supplied for the 
electrolytic treatment of water in the working chamber 
is only around 200 to 3000Cdm" 3 . Because the water to 
be treated has such a low concentration of dissolved 
salts and minerals, there is consequently a low 
concentration of useful electrolysis products (such as 
the chlorate (I) ion CIO" which is produced when a 
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sodium chloride solution is used in the auxiliary 
chamber and which acts as a disinfecting agent) . In 
addition, water with a low concentration of salts and 
minerals tends to have a high ohmic resistance, which 
means that energy is used inefficiently when performing 
electrolysis. Furthermore, the small amount of 
electricity (200 to 30O0CdnT 3 ) applied to the water in 
the working chamber is insufficient to ensure the full 
transformation of the ions of" dissolved salts (such as 
chloride ions CI") into useful electrolysis products 
(such as chlorate (I) ions CIO'). The incomplete 
electrolysis of dissolved salts means that a greater 
than theoretically necessary amount of salt must 
initially be dissolved in order to provide a required 
concentration of electrolysis products. This excess of 
dissolved salt can mean that the output of the 
electrolytic cell is overly corrosive, and when used as 
a disinfectant wash, tends to leave a coating of 
crystalline salt on surfaces which have been washed. 

Furthermore, the prior art apparatus of GB 2253860 
is of relatively cumbersome size and has a large number 
of connecting pipes and separate elements, which can 
result in low efficiency and reliability due to the 
likelihood of solution leakage. 

It is useful to consider the basic chemical 
reactions which take place in the anode and cathode 
chambers of the electrolytic cell. If the working 
chamber contains- the anode, then the following 
reactions take place : 

Chloride ions transform into gaseous chlorine at 
the anode in accordance with the following equation: 

2C1" Cl 2 + 2e" 
Gaseous chlorine dissolves in water and forms 
hypochlorous acid in accordance with the following 
equation : 

Cl 2 -f H 2 0 H # + CI" + HC10 
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Electrolysis of water also takes place in the anode 
chamber. The equation is as follows: 

2H 2 0 -* 4H + + 0 2 + 4e" 
As a result of this reaction, gaseous oxygen is 
liberated and the water becomes saturated with hydrogen 
ions. Consequently, the pH of the water falls in the 
anode chamber. The solubility of chlorine in the water 
reduces as the pH is lowered, and gaseous chlorine is 
liberated with oxygen. 

Electrolysis of water takes place in the cathode 
chamber. The equation is as follows: 

2H 2 0 + 2e" -> 20H" + H 2 
Consequently gaseous hydrogen is liberated at the 
cathode, and the concentration of hydroxide ions rises, 
thereby increasing the water pH in the cathode chamber. 

It follows from this analysis that the oxidizing 
ability of water is determined by the concentration of 
hypochlorous acid, and the reduction ability by the 
concentration of hydroxide ions. Water which has been 
under electrolytic treatment according to the method 
described in GB 2253860 has a low concentration of 
hypochlorous acid and hydroxide ions due to the low 
mineralisation of the initial water. 

One way of estimating the effectiveness of a 
sterilising solution produced by the electrolytic 
treatment of a salt solution is to measure the 
concentration of "free chlorine", by which is 
understood the concentration of hypochlorous acid in 
water and the concentration of the chlorate ion (formed 
by the dissociation of hypochlorous acid) . 

The concentration of free chlorine in water which 
has been treated in the anode chamber of the 
electrolytic cell of GB 2253860 does not usually exceed 
0.2 to 0.6gdm" 3 , although the solubility of gaseous 
chlorine in water is much higher (7.3gdrrT 3 at 20°C) . It 
is therefore apparent that water which has been under 
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invention, there is provided an apparatus for the 
electrolytic treatment of aqueous salt solutions, the 
apparatus comprising a generally vertical midstream 
diaphragm electrolyser containing an outer tubular 
electrode inside which an inner electrode is coaxially 
positioned, a tubular semi -permeable ceramic diaphragm 
coaxially positioned between the electrodes and 
dividing the inter-electrodal area into an inner and an 
outer electrode chamber which are hermetically isolated 
one from the other by dielectric separators, the outer 
electrode chamber being a working chamber connected to 
lines for inputting and outputting the aqueous salt 
solutions being treated, and the inner electrode 
chamber being an auxiliary chamber provided with a 
15 circulation contour and connected to lines for 

inputting and outputting an auxiliary solution, 
characterised in that the inner electrode takes the 
form of a hollow cylinder which in its lower part is 
connected through its hollow section with the auxiliary 
solution input line and in its upper part is connected 
through its hollow section with the auxiliary solution 
output line, and in that the inner electrode is 
provided with input and output apertures which connect 
the hollow section of the inner electrode with the 
auxiliary chamber and which form a circulation contour 
for the auxiliary solution. 

According to a third aspect of the present 
invention, there is provided a method of treating 
aqueous salt solutions in a generally vertical 
electrolytic cell, the cell comprising a first, outer, 
generally tubular electrode and a second, inner, 
generally tubular electrode, the first and second 
electrodes being disposed substantially coaxially and 
separated from each other by a generally tubular semi- 
permeable membrane also disposed substantially 
coaxially with the electrodes so as to form an outer, 
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working chamber defined as the volume bounded by the 
inner surface of the outer electrode and the outer 
surface of the semi -permeable membrane and an inner, 
auxiliary chamber defined as the volume bounded by the 
inner surface of the semi -permeable membrane and the 
outer surface of the inner electrode, the inner 
electrode being provided with apertures at its lower 
and upper ends allowing communication between the 
inner, auxiliary chamber and the interior of the inner 
electrode, wherein: 

i) a working aqueous salt solution is supplied 
to a lower end of the working chamber by an input line 
and taken from a higher end of the working chamber by 
an output line; 

11) an auxiliary aqueous salt solution is 
supplied to a lower end of the inner electrode by an 
input line so as substantially to fill the interior of 
the inner electrode and the auxiliary chamber by way of 
the apertures; 

iii) an electric current is applied between the 
outer and the inner electrodes; 

iv) gases formed by electrolysis in the auxiliary 
chamber are allowed to rise and escape through the 
apertures provided at an upper end of the inner 
electrode and are passed out by way of an output line 
provided at an upper end of the inner electrode; and 

v) auxiliary solution in the auxiliary chamber 
is driven by bubbles of said gases and passes upwards 
through the auxiliary chamber, through the apertures at 
the upper end of the inner electrode, down through the 
interior of the inner electrode, and back into the 
lower end of the auxiliary chamber through the 
apertures at the lower end of the inner electrode. 

Because the combined volume of auxiliary solution 
and gases which is output per unit time from the 
auxiliary chamber is generally greater than the volume 
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of auxiliary solution which is input per unit time, the 
total area of the exit apertures in the inner electrode 
is advantageously greater than that of the entry 
apertures . 

It is also advantageous for the exit apertures to 
be configured so as to impart a tangential velocity 
component to the auxiliary gas- liquid mixture as this 
passes from the upper end of the auxiliary chamber into 
the hollow section of the inner electrode. This may be 
done by forming the apertures such that their axes are 
not disposed radially with respect to the inner 
electrode, but are angled relative thereto. In this 
way, a cyclonic flow into the hollow section of the 
inner electrode is achieved, with the heavier liquid 
component of the auxiliary gas-liquid mixture being 
urged towards the wall of the inner electrode by 
centrifugal force, and the lighter gas component 
conversely being urged towards the central axis of the 
inner electrode, thereby assisting the gas-liquid 
separation process . 

The semi -permeable diaphragm may be made of a 
ceramic material, such as zirconium oxide. 

Embodiments of the present invention are more 
compact than the prior art apparatus and have fewer and 
shorter fluid connecting lines, thereby reducing leaks 
and pressure losses and thereby providing enhanced 
reliability and efficiency. This is a result of the 
auxiliary solution circulation contour being located 
internally, i.e. the external expansion tank of the 
prior art is replaced by the interior of the hollow 
inner electrode, with the connecting pipes in the 
auxiliary solution circulation contour being replaced 
by the apertures in the wall of the inner electrode. 

According to a fourth aspect of the present 
invention, there is provided a product solution 
produced by the method of the third aspect as defined 
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hereinabove . 

For a better understanding of the present 
invention, and to show how it may be carried into 
effect, reference shall now be made by way of example 
to the accompanying drawing, in which: 

FIGURE 1 shows a vertical cross - sect ion through an 
embodiment of the present invention. 

The electrolytic cell of Figure 1 includes an 
outer tubular electrode 1, a coaxially positioned inner 
electrode 2 having a hollow section 3, and a 
semi -permeable ceramic diaphragm 4 coaxially positioned 
between the electrodes 1 and 2. A working chamber 5 is 
defined as the space bounded by the inside of the outer 
electrode 1 and the outside of the ceramic diaphragm 4, 
and an auxiliary chamber 6 is defined as the space 
bounded by the inside of the ceramic diaphragm 4 and 
the outside of the inner electrode 2. The working and 
auxiliary chambers 5,6 are hermetically isolated one 
from the other (notwithstanding the semi -permeable 
ceramic diaphragm 4) by elastic, dielectric separators 
7. Entry apertures 8 are provided in the wall of the 
outer electrode 1 for supplying aqueous salt solution 
to the working chamber 5 (the entry apertures 8 being 
positioned in the lower part of the outer electrode 1) . 
Exit apertures 9 are provided in the upper part of the 
outer electrode 1 and are used for letting processed 
aqueous salt solution out of the working chamber 5. 

The inner electrode 2 is also provided with entry 
apertures 10 (in the lower part) and exit apertures 11 
(in the upper part) . The former are used for supplying 
auxiliary solution into the auxiliary chamber 6, and 
the latter for allowing processed auxiliary solution to 
be removed from the auxiliary chamber 6 . The outer 
electrode l is disposed between lower and upper 
dielectric blocks 12,13. A connection 14 is positioned 
in the lower block 12 for supplying aqueous salt 
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aqueous salt solution is supplied through the entry 
connecting pipe 19 and into the hollow section 3 of the 
inner electrode 2. The auxiliary solution passes into 
and substantially fills the auxiliary chamber 6 by way 
.of the entry apertures 10. The supply of auxiliary 
solution is then cut off or reduced. The pressure of 
the working solution flowing through the working 
chamber 5 is set higher than the pressure of the 
auxiliary solution in the auxiliary chamber 6. A 
potential difference is applied across the terminals 24 
and 25 so as to cause an electric current to flow 
between the outer and the inner electrodes 1,2 through 
the working and auxiliary solutions. This brings about 
electrolytic treatment of the working solution in the 
working chamber 5, from which the treated solution 
leaves the electrolyser by way of the exit aperture 9 
and the exit connecting pipe 15. The auxiliary 
solution is drawn by rising bubbles of electrolytic 
gases (the gas-lift) generated in the auxiliary chamber 
6 during electrolysis into the upper part of the 
auxiliary chamber 2 and, together with the electrolytic 
gases, leaves the auxiliary chamber 6 through the exit 
apertures 11 and enters the hollow section 3 of the 
inner electrode 2. An expansion of the flow occurs in 
the hollow section 3, whereby the electrolytic gases 
are separated from the auxiliary solution and leave the 
electrolyser through the exit connecting pipe 20. The 
separated auxiliary solution is carried down to the 
entry apertures 10 and, under the action of the 
discharge created by the gas-lift described above, is 
drawn through the entry apertures 10 into the auxiliary 
chamber 6. In this way, circulation of the auxiliary 
solution around a closed contour formed by the 
auxiliary chamber 6, the exit apertures 11, the hollow 
section 3 of the inner electrode 2 and the entry 
apertures 10 is achieved. The volume of auxiliary 
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solution in the electrolyser is replenished, over time, 
by way of solution which filters through the semi- 
permeable ceramic diaphragm 3 down the pressure 
gradient between the working and auxiliary chambers 
5,6. Any excess of auxiliary solution is taken from 
the electrolyser through the exit connecting pipe 20 
together with the electrolytic gases. If it becomes 
necessary to provide additional auxiliary solution or 
to replace the auxiliary solution, this may be done by 
way of the entry connecting pipe 19. As a result of 
the formation of electrolytic gases, the volume of the 
gas and liquid mixture leaving the auxiliary chamber 6 
is greater than the volume of the auxiliary solution 
entering the auxiliary chamber 6, and the overall area 
15 of the exit apertures 11 may be greater than the 

overall area of the entry apertures 10. 

In order to obtain a more effective isolation of 
the electrolytic gases from the auxiliary solution in 
the hollow section 3 of the inner electrode 2, the exit 
20 apertures 11 may be disposed with a tangential as well 

as a radial component, i.e. the exit apertures 11 may 
be angled so as to impart a tangential velocity 
component to the auxiliary gas-liquid mixture as this 
passes from the auxiliary chamber 6 into the hollow 
25 section 3 of the inner electrode 2. The cyclonic 

motion thus imparted to the auxiliary gas-liquid 
mixture in the hollow section 3 of the inner electrode 
2 tends to throw the heavier auxiliary liquid against 
the wall of the inner electrode 2 and concentrates the 
lighter gas components near the axis for removal from 
the electrolyser through the exit connecting pipe 20. 

For most applications, the electrolytic cell is 
configured such that the outer electrode is an anode 
and the inner electrode a cathode. In this way, 
aqueous salt solutions can be electrolyt ically treated 
to obtain, for example, a disinfectant solution, with a 
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saturated solution of sodium chloride being used as the 
auxiliary solution. In some applications, the working 
solution has a higher mineral content, i.e. 
concentration of dissolved salts, than the auxiliary 
5 .solution. 

The apparatus may be arranged in alternative 
configurations, e.g. with the outer electrode 1 being 
the cathode and the inner electrode 2 the anode, 
thereby enabling cathodic water softening or other 
10 processes to take place. 
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1. An apparatus for the electrolytic treatment 
of aqueous salt solutions, the apparatus comprising an 
electrolytic cell having a first, outer, generally 
tubular electrode and a second, inner, generally 
tubular electrode, the first and second electrodes 
being disposed substantially coaxially and separated 
from each other by a generally tubular semi -permeable 
membrane also disposed substantially coaxially with the 
electrodes so as to form an outer, working chamber 
defined as the volume bounded by the inner surface of 
the outer electrode and the outer surface of the semi- 
permeable membrane and an inner, auxiliary chamber 
defined as the volume bounded by the inner surface of 
the semi -permeable membrane and the outer surface of 
the inner electrode, the electrodes having upper and 
lower ends when the electrolytic cell is positioned 
vertically, characterised in that the tubular wall of 
the inner electrode is provided with exit apertures at 
its upper end region and entry apertures at its lower 
end region end region allowing communication between 
the inner, auxiliary chamber and the interior of the 
inner electrode. 

25 2 - ^ apparatus for the electrolytic treatment 

of aqueous salt solutions, the apparatus comprising a 
generally vertical midstream diaphragm electrolyser 
containing an outer tubular electrode inside which an 
inner electrode is coaxially positioned, a tubular 
semi -permeable ceramic diaphragm coaxially positioned 
between the electrodes and dividing the 
inter-electrodal area into an inner and an outer 
electrode chamber which are hermetically isolated one 
from the other by dielectric separators, the outer 
electrode chamber being a working chamber connected to 
lines for inputting and outputting the aqueous salt 
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solutions being treated, and the inner electrode 
chamber being an auxiliary chamber provided with a 
circulation contour and connected to lines for 
inputting and outputting an auxiliary solution 
.characterised in that the inner electrode takes the 
form of a hollow cylinder which in its lower part is 
connected through its hollow section with the auxiliary 
solution input line and in its upper part is connected 
through its hollow section with the auxiliary solution 
output line, and in that the inner electrode is 
provided with input and output apertures which connect 
the hollow section of the inner electrode with the 

! UXUiary Chamber and wh ^h form a circulation contour 
tor the auxiliary solution. 

3- An apparatus as claimed in claim 1 or 2 
wherein the overall area of the exit apertures in 'the 
mner electrode is greater than the overall area of the 
entry apertures. 

4- An apparatus as claimed in claim l, 2 or 3 
wherexn the exit apertures in the inner electrode have 
ma D or axes which are directed with a tangential 
component relative to radii of the generally tubular 
inner electrode. 

5- An apparatus as claimed in any preceding 
claim, wherein the outer electrode is an anode and the 
inner electrode is a cathode. 

6- An apparatus as claimed in any of claims 1 to 
4, wherein the outer electrode is a cathode and the 
inner electrode is an anode. 

7. A method of treating aqueous salt solutions 
m a generally vertical electrolytic cell, the cell 
comprising a first, outer, generally tubular electrode 
and a second, inner, generally tubular electrode, the 
first and second electrodes being disposed 
substantially coaxially and separated from each other 
by a generally tubular semi -permeable membrane also 
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disposea substantially coaxially with the electrodes so 
as to form an outer, working chamber defined as the 
volume bounded by the inner surface of the outer 
electrode and the outer surface of the semi -permeable 
membrane and an inner, auxiliary chamber defined as the 
volume bounded by the inner surface of the semi- 
permeable membrane and the outer surface of the inner 
electrode, the inner electrode being provided with 
apertures at its lower and upper ends allowing 

; h 0mmUniCati ° n betWeen ±nner ' ««"i«ry chamber and 

the interior of the inner electrode, wherein: 

i) a working aqueous salt solution is supplied 
to a lower end of the working chamber by an input line 

^ takSn fr ° m 3 hi ^ h - e nd of the working chamber by 
15 an output line; y 

ii) an auxiliary aqueous salt solution is 
supplied to a lower end of the inner electrode by an 
-put line so as substantially to fill the interior of 

lnnSr £lect ^e and the auxiliary chamber by way of 
the apertures; 

iii) an electric current is applied between the 
outer and the inner electrodes; 

iv) gases formed by electrolysis in the auxiliary 
chamber are allowed to rise and escape through the 
apertures provided at an upper end of the inner 
electrode and are passed out by way of an output line 
provxded at an upper end of the inner electrode,- and 

v) auxiliary solution in the auxiliary chamber 
» driven by bubbles of said gases and passes upwards 
through the auxiliary chamber, through the apertures at 
the upper end of the inner electrode, down through the 
-tenor of the inner electrode, and back into the 
lower end of the auxiliary chamber through the 
apertures at the lower end of the inner electrode 

8. A method according to claim 7, wherein the 
auxiliary solution and said gases are given a cyclonic 
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motion upon entry into the interior of the inner 
electrode by means of the apertures at the upper end of 
the inner electrode being disposed with major axes 
having a tangential component relative to radii of the 
inner electrode. ^ 

9- A product solution produced by the method of 
claims 7 or 8 . 
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